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SELECTION OF OPENING MODEL FOR
PARACHUTE SCALING STUDIES

Introduction

The purpose of this ongoing research project has been to identify those scaling laws
important in modeling parachute opening dynamics, and to determine scaling parameters
that will provide relationships in canopy stiffness.

Reference [1] summarizes the work done on this project during the time period from
December 15, 1988, to December 14, 1989. During this period, an improved scaling
parameter was developed for determining stiffness effects on the opening behavior of flat
circular parachute canopies. This scaling parameter, called the relative stiffness
index, worked well for correlating opening time of flat circular parachutes, and gave
fair correlation for predicting opening shock for these canopies- but more work needed to
be done on the opening shock method. In addition, the relative stiffness index concept
should also be extended to other parachute geometries. The concept is well enough
advanced, however, to justify its incorporation in some manner into an opening dynamics
theory.

In the present work, a theory was chosen and computer programmed as a basis for
allowing introduction of the stiffness concept and to provide a basis for later
correlation of the test data available at Natick to further validate the use of the
relative stiffness index.

Brief reiieis of aiailable theories

A listing of some of the various opening dynamics theories can be found in [2-131. A
critical review of some of the opening dynamics theories can be found in [14]. The two
theories that proved most useful for this study were those developed by Fu 1121 and
Lingard (131.

Fu developed a theory to predict parachute opening shock and time, using a minimum of
experimental inputs based on as little test data as possible. Fu considered the payload
and canopy as two point masses connected by a spring with damping. The canopy shape was
represented as a truncated cone topped with a hemispherical cap. The apparent mass of
the parachute was assumed to be proportional to the canopy volume. The canopy vent size
and effective porosity of the canopy fabric were considered in the conservation of mass
equations used to model canopy filling. Using Newton's Law, Conservation of Mass, and
the appropriate geometric relations, the writer derived a system of nonlinear
differential equations. Some of the results of this theory are presented in [I].

Lingard's analysis for predicting opening shock was considerably different from that
of Fu but led to similar results. His method was intended to provide a relatively simple
theory to let a designer perform trade-offs upon the effects on the peak load of
parameters such as snatch velocity, suspended mass, parachute size, and altitude



and angle of deployment. The main assumptions made by Lingard were as follows:

a. The parachute inflates in a constant nondimensional opening time
independent of snatch velocity and mass ratio.

b. For a given parachute design, there exists a unique force coefficient vs.
nondimensional time function which is independent of snatch velocity or
mass ratio.

These two assumptions were then used to extract empirical data from a small number of
full-scale tests of a particular solid cloth parachute system. With these
assumptions, Newton's Second Law was then used to develop a model that allowed
calculation of force and velocity profiles during deployment. The effects of the
above-mentioned variables on deployment could then be studied.

A comparison of results from Lingard's and Fu's methods is given in [I] and will
not be repeated here. The comparison shows similar trends in results from the two
totally different approaches and lends confidence to the results obtained. Because
of assumption (a) used above, Lingard's method is not useful in predicting Froude
number and mass ratio effects on opening iini', but the time assumption itself
agrees fairly well with the theoretical results obtained by Fu.

More complex opening dynamics theories are also a'ailable, some of them being
briefly summarized in [15]. However, most of these are far too complex for general
use and not amenable to a reasonable simulation of opening dynamics, especially when
parametric studies need to be conducted for a wide range of variables. The following
quote, taken from 1161 aptly depicts the situation regarding nany of these prediction
methods:

The difficulty in predicting the performance of a parachute lies in the complex
interaction between the porous canopy and the surrounding flow field. The
parachute inflation process involves the unsteady, viscous, compressible flow
about a porous body that undergoes large shape changes. Moreover, this body is
composed of nonlinear materials with complex strain, strain rate, and hysteresis
properties. Thus it is not surprising that a rigorous analysis of the
Navier-Stokes equations for the unsteady flow about an inflating parachute
presents a formidable challenge to existing computational capabilities. A recent
study at Sandia National Laboratories concluded that an axisymmetric flow field
solution for a typical weapons parachute would require 3300 hours on a CDC 7600
computer or 330 hours on a CRAY system. Hence, there exists an urgent need for a
dependable intermediate theory useful for parachute design.

Continued work on canopy stiffness scaling laws will be hampered if a reasonable
theory is not available that can be modified in some fashion to simulate canopy
stiffness. Hence, the theories were examined to select one most suitable for this
task.

The theories of Lingard and Fu referenced earlier seem to provide a reasonable
compromise in accuracy without being excessively unwieldy. However, proper
verification of these parachute opening theories will eventually require a wide range
of tests. The scatter in test data creates thlk necd. Most of these tests would
have to be conducted outside the practical range of mass ratios and Froude numbers
normally used in real parachute applications.
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Conversely, at Froude numbers on the order of four to six where opening shock loads
are reasonable, extrapolation of the theories of Fu and Lingard show almost no effect of
typical mass ratio changes on nondimensional opening force. For this reason further
tests need to be conducted at high Froude numbers over a wide range of mass ratios, and
the theories of Fu or Lingard must be used to calculate expected parachute behavior at
lower Froude numbers than they present in their works.

Basis for final selection of theory

The theory selected for programming must ultimatelY be one that appears suitable for
modification to simulate canopy stiffness effects, be relatively complete (not
oversimplified), yet amenable to computer programming and calculations at reasonable
cost. The theory developed by Fu appeared to be the best for this purpose, if canopy
stiffness effects can eventually be simulated using various input values for initial
semi-aperture angle, bo (see Fig. 1), or some similar means. Heinrich and Hektner's
stiffness index [17] used the inverted hang test of the canopy and an experimental
measurement of Dmax to represent canopy stiffness. The Dmax and stiffness index values
should be reflected in the initial semi-apertural angle bo in some manner. Fu's theory
also allows part of the areal density effect of the fabric to be reflected by making an
input change to canopy mass. Some of the effect of canopy stiffness could be accounted
for by an adjustment to suspension line elasticity input, but this does not duplicate
the main effect of canopy stiffness.

Major assumptions in the theory

The complete details and assumptions used by Fu will not be given in this report.
The reader is referred to [121 for this information. The major assumptions and the
models used to simulate the parachute opening geometry will be summarized, however. The
parachute opening is broken down into a "first filling phase," "second filling phase,"
and "transition phase." The assumptions are as follows:

a. First filling phase. During the first filling phase, the parachute
geometry is assumed as shown in Fig. 1.

I. The initial semi-apertural angle, bo, is assumed to be a constant during
this phase, and is obtained empirically.

2. The canopy shape starts off as a small hemisphere and fills until the
distance, X, is equal to the constructed diameter of the parachute. This
determines the end of the first filling phase.

3. During the first filling phase, no porosity or vent flow is assumed.

4. The inflow area at the mouth of the parachute is taken to be a fraction of
the actual area, using an empirical "contraction factor," k!. The
canopy velocity is used for the inflow velocity.

5. A constant parachute drag coefficient (typically 0.5) is assumed during
phase I, and the drag changes with changes in projected frontal area and
canopy velocity.

6. Each suspension line is represented by a spring and damper, allowing for
line stretch and a relative velocity between canopy and payload.

3
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Fig. 1. Geometric Model of the Canopy for the First Filling Phase [121,
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7. The initial suspension line stretch is determined from an input value for
canopy snatch force.

8. In this phase, and all phases, the air is assumed incompressible.

As mentioned earlier, once the "wrap-around distance," X, equals the canopy
constructed diameter, the first filling phase ends and the second filling phase
begins.

b. Second filling phase. Fig. 2 shows the model used to represent the canopy
during the second filling phase. The assumptions used to represent this
portion of filling are as follows:

1. The shape of the canopy is assumed to be a truncated cone with a
hemispherical cap. The wrap-around distance remains constant and equal to
the constructed diameter, DC.

2. As air flows into the parachute mouth, the suspension line semi-apertural
angle, fl, increases, causing the hemispherical cap to grow larger in
diameter while the sides of the truncated cone portion, h, decrease in
length.

3. Conservation of mass applied to the inflow air governs the rate of canopy
inflation. Air flow is allowed out through the vent and through the
porous hemispherical portion of the canopy. An empirical contraction
factor, k2, different from k1 in a.4., is used for this portion of the
filling.

4. A new parachute drag coefficient (typically 1.3) is assumed during phase
2. Again, canopy drag changes with projected frontal area and canopy
velocity.

5. Suspension lines are again represented by springs and dampers allowing for
line stretch and a relative velocity between canopy and payload.

6. The second filling phase ends when the length of the sides of the
truncated cone, h, has decreased to a value of 0.03 Do . This is an
empirical value obtained from motion pictures of parachute opening
analyzed by Fu.

c. Transition phasw. The transition phase is that phase that occurs between
the end of the second filling phase and the time that steady state descent is
reached. Fig. 3 shows the idealized geometry for the transition
phase. The assumptions used in this phase are as follows:

1. The shape and size of the canopy remain constant at the steady state
values hst, Dc/2, rst, and 8t as shown in Fig. 3. These
values are the corresponding values that existed at the end of the second
filling phase as defined by hst = h = 0.03 DO.

2. The suspension lines are still represented by springs and dampers allowing
for line stretch and relative velocity between canopy and payload. Thus,
although the canopy shape remains unchanged, the semi-apertural angle,
B, varies through a damped oscillation.

5
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Fig. 2. Geometric Model of the Canopy for the Second Filling Phase (12).
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Fig. 3. Geometric Model of the Canopy for the Transition Phase [12).
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3. Air flow is again accounted for through the vent and porous hemispherical
portion of the canopy.

4. The drag coefficient is held constant at the value assumed for the second
filling phase.

The transition phase ends when all geometric and trajectory parameters reach
steady state values, i.e., the suspension line length, I, and semi-apertural
angle, , become constant, and the terminal velocity and vertical descent
path are reached. Theoretically, this would occur asymptotically over a long
period of time, but practically speaking, steady state values are approached
closely in a period of several seconds. In any case, maximum filling force and
opening time have already been calculated near the end of the second filling
phase in most situations.

Fig. 4 is a simplified illustration of the velocity and acceleration components for the
combined canopy and payload system. Fig. 5 shows the forces acting on the
parachute-payload system.

z

ttI - VCC

VL,~ VLt

VL

Fig. 4. Velocity and Acceleration Components of the Elastically
Connected Canopy (mC) and Payload (mL) Mass Points in the
Body Coordinate System (121.
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Fig. 5. Forces Acting on the Parachute-Payload System
(Velocities also Shown) [12].

9



Computer program development

Each phase of the opening process involves the numerical solution of between five
and eight simultaneous nonlinear differential equations, together with numerous
geometric constraint equations.

To properly program the equations developed in [12], it is necessary to become
thoroughly familiar with all the equation derivations; verifying assumptions, checking
the algebra of the derivations, checking for typographical errors in the preparation of
112], and then coding the program into a computer language (in this case, Fortran was
used). Because of the complexity of this task, and due to time limitations, it was not
possible to do these steps for all three phases, and some compromises had to be made.
These were as follows.

The first filling phase equations were checked carefully, some typographical errors
were noted and corrected, and the equations were programmed. Because of time
constraints, only some of the equations were checked for the second filling phase and
transition phase. The major part of the effort went into programming these equations
and running them to check if the results seemed reasonable.

One point should be made here. As the program goes from one filling phase to
another, the relative velocitv between the canopy and payload must be recalculated
between phases and a small discontinuity in this value introduced. This discontinuity
is necessary to satisfy force and length continuity in the suspension lines, between
phases, due to the discontinuity that inevitably must occur when the geometric model is
abruptly changed between phases. In most cases, the change in relative velocity is less
than a few percent and should be of no consequence within the accuracy of the theory.
This approximation is inherent to Fu's theory.

Current Liniiation.s in he Program

There are two limitations in the computer program that should be removed at a later
date. For certain calculated drop conditions, the calculated force in the suspension
lines goes to a small negative value for a short period of time during the transition
phase. During the transition phase, the parachute-payload is behaving primarily as a
spring-mass-damper system. Conceivably this behavior could occur during the other
phases for some drop conditions. Fu made no mention of how this should be handled in
[12]. Obviously, this must be modified by program statements that set the suspension
line force equal to zero if a negative force is calculated, since the suspension lines
cannot physically tolerate a compressive force. In [51, Payne's theory also considers
suspension line stiffness, but not canopy stiffness, and the suspension line force also
goes to zero several times during some drops due to the spring-mass-damper
characteristics of the system.

The other change that needs to be made to the program is an improvement in the accuracy
of the integration routine used. The current program uses Euler's method for solving
the differential equations. This is adequate as a first approximation to the theory,
but needs to be upgraded before the program is used extensively. A higher order
integration routine, such as fourth-order Runge-Kutta, should be incorporated.
Additionally, time should be spent checking the accuracy of the remaining equations in
[12] to ensure that no additional typographical or derivation errors exist.

10



Program Listing and Typical Output

Appendix A contains the Fortran listing for the program, temporarily called FUDROP
here, with input for a typical case. The input is for a C-9 type parachute canopy, and
the parachute geometry and drop conditions are given in Table I. The values in Table I
correspond to Example I from [12] and are used to compare this program's output with
Fu's results.

Appendix B contains the program output for this case. The first part of the program
is an echo of the input for parachute geometry and snatch conditions. This is followed
by the output for the first filling phase, lasting for 0.20 seconds, followed by a
statement indicating the end of the first filling phase.

Table 1. Parachute Geometry and Drop Conditions, FUDROP
(See Appendix A)

Variable Symbol Value
Parachute nominal diameter Do 28.22 ft

Constructed diameter DC  28.45 ft

Payload radius R 0.755 ft
Vent radius RV 0.820 ft

Suspension line length is 28.22 ft
Air density (1000 ft alt) p 0.00231 sl/ft3

Number of suspension lines n 28
Drag coefficient of payload CDL 0.64
Snatch velocity Vs 185 fps
Total weight WT 296 lbs
Payload weight WL 280 lbs
Initial trajectory angle (below horizontal) 60 500

Snatch force Fs 662 lbs
Effective porosity of fabric Ceff 0.1

The output format for the second filling phase is presented in a slightly different
arrangement, and ends at 0.90 seconds for this example. The output for the transition
phase is again in a different format, and calculations for this case were stopped at 5.9
seconds, as the terminal velocity had essentially been reached and the trajectory was
approximately vertical (8 = 85°).

II



Comparison with Fu's Results

The calculated results from Appendix B are nondimensionalized and compared with Fu's
results in Fig. 6. In this figure, the solid lines are Fu's calculated results, the
short dashed lines drawn through squares, triangles or diamond-shaped symbols are the
Appendix B results, and the long dashed lines are experimental data from [181. The
letters along the abscissa of Fig. 6 correspond to comparisons of the calculated and
measured parachute shapes, semi-apertural angles, and nondimensional times in Fig. 7.

Figure 7 shows fair to good agreement between theory and experiment. The major
difference is that the parachute changes shape somewhat at the beginning of the
transition phase, including the well known "overexpansion." The theory does not account
for this, nor for the change in suspension line angle during the first filling phase.

Comparing the results in Fig. 6 for nondimensional radius, i7, the Appendix B results
differ from Fu's somewhat, but agree better with experiment. The present theory shows
the parachute growing in size more slowly than Fu predicts. Comparing nondimensional
velocity (L) histories, Fu's theory agrees better with experiment than the Appendix B
results. The slower theoretical parachute growth rate of the present theory results in
less drag and a resulting slower velocity decay than predicted by Fu. For the force
history comparison, Fu's results agree better with experiment during the early part of
the opening time period, but the Appendix B results agree better with experiment near
the peak period of the force history. Generally, the trends shown for both theories and
the experiment agree well.

It is expected that better agreement between the present programming of Fu's theory
(Appendix A) and Fu's results would be obtained if a more accurate integration routine
were used in Appendix A. The type of deviation between the two theories shown in Fig. 6
is typical of the difference obtained when using Euler's method for integration as
opposed to higher order methods.

Suggestions for future work

The present theory should be improved by updating the integration routine and
incorporating program statements to set riser force equal to zero whenever the program
calculates a negative suspension line force (this has occurred for the present theory
only for short periods of time in the transition phase for cases examined thus far).
The remaining equations developed by Fu should be checked for accuracy.

Fu applied this theory only to aircraft drop test data of full-scale 28 ft Do C-9
parachutes. The program should be used to compare predictions with Lee's drop test data
[19,201 for the 1/2-scale and 1/4-scale C-9 models, and to the full-scale C-9 parachutes
that were drop tested with the heavier fabrics as part of Natick's scaling studies.

Finally, the program should be modified in some fashion to simulate canopy stiffness
effect- so the program can be better used to study the scaling problems that arise when
using model wind tunnel or drop test data to predict prototype parachute performance.
The program could then be used as a basis for further theoretical verification of the
relative stiffness index proposed in [21].
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Conclusions

Any evaluation of experimental data on parachute scaling stiffness effects is
somewhat hampered if a simplified theory is not available to guide in interpreting test
data. This report has presented a theory that can be used for this purpose with
suitable modifications.

The theory has been programmed in Fortran and checked against Fu's results for a
single case. More work needs to be done to check the equation derivations and upgrade
the integration routines.

After the improvements are made, the theory should be compared with available Natick
drop test data on scale model parachutes, and the effects of canopy stiffness should be
incorporated into the theory.

References

1. Niemi, E.E., "An Improved Scaling Law for Determining Stiffness of Flat
Circular Parachute Canopies," Technical Report, EPA Research Project No. 05-
5179, University of Lowell, Lowell, MA, January 1990.

2. Mueller, W., "Parachutes for Aircraft," Zeitschrift fuer Flugteknik und
Motorluft-schiffahrt, Heft No. 20, 1927.

3. Weinig, F.S., "On the Dynamics of the Opening Shock of a Parachute," USAF
Office of Aeronautical Research, WADC, Dayton, Ohio, TR-6, February 1951.

4. Roberts, B.W., "Aerodynamic Inflation of Shell Type Parachute Structures,"
Journal of Aircraft, Vol. 11, July 1974, pp. 390-397.

5. Payne, P.R., "A New Look at Parachute Opening Dynamics," Aeronautical
Journal, Vol. 11, February 1973, pp. 85-93.

6. Wolf, D.F., "A Simplified Dynamic Model of Parachute Inflation," Journal of
Aircraft, Vol. 11, January 1974, pp. 28-33.

7. McVey, D.F., and Wolf, D.F., "Analysis of Deployment and Inflation of Large
Ribbon Parachutes," Journal of Aircraft, Vol. 11, February 1974, pp. 96-103.

8. O'Hara, F., "Notes on the Opening Behavior and the Opening Forces of
Parachutes," Royal Aeronautical Society Journal, Nov. 1949, pp. 1053-1062.

9. Heinrich, H.G., and Bhateley, I.C., "A Simplified Analytical Method to
Calculate Parachute Opening Time and Opening Shock," Summer Course on
Aerodynamic Deceleration, University of Minnesota, July 1961.

10. Heinrich, H.G., "A Linearized Theory of Parachute Opening Dynamics,"
Royal Aeronautical Society Journal, Vol. 76, December 1972, pp. 723-730.

11. Heinrich, H.G., and Saari, D.P., "Parachute Opening Shock Calculations with
Experimentally Established Input Functions," Journal of Aircraft, Vol. 15,
No. 2, February 1978, pp. 100-105.

15



12. Fu, K-H., "Theoretical Study of the Filling Process of a Flexible Parachute
Payload System," German Air and Space Research and Test Institute,
Braunschweig, Germany, 1975.

13. Lingard, J.S., "The Aerodynamics of Parachutes During the Inflation Process,"
Ph.D. Thesis, Department of Aeronautical Engineering, University of Bristol,
England, October 1978.

14. Roberts, B.W., and Reddy, K.R., "A Discussion of Parachute Inflation
Theories," AIAA Paper No. 75-1351, November 17-19, 1975.

15. Ewing, E.G., Bixby, H.W., and Knacke, T.W., "Recovery Systems Design
Guide," AFFDL-TR-78-151, December 1978.

16. Muramoto, K.K., and Garrard, W.L., "A Method for Calculating the Pressure
Field about a Ribbon Parachute Canopy in Steady Descent," Proceedings of the
8th Aerodynamic Decelerator and Bahoon Technology Conf., Hyannis, MA,
April 1984, pp. 57-67.

17. Heinrich, H.G., and Hektner, T.R., "Flexibility as a Model Parachute
Performance Parameter," Journal of Aircraft, Vol. 8, No. 5, Sept. 1971, p. 704.

18. Doukas, C., Lampe, M., and Schmidt, H.K., "Drop Experiments for the Project
'Scale Influences in Parachutes' with Canopies of the 'Circular Flat' Type,"
DFVLR, Aerodynamics Institute, Internal Report 154-74/2, 1974.

19. Lee, C., "Experimental Investigation of Full-Scale and Model Parachute
Opening," Proceedings of the AIAA 8th Aerodynamic Decelerator and
Balloon Technology Conference, New York, 1984, pp. 215-223.

20. Lee, C.K., "Modeling of Parachute Opening: An Experimental Investigation,"
Journal of Aircraft, Vol. 26, No. 5, May 1989, pp. 444-451.

21. Niemi, E.E., "An Improved Canopy Stiffness Scaling Law for Determining
Opening Time of Flat Circular Parachutes," Proceedings of the ALAA 8th
Applied Aerodynamics Conf., Portland, OR, August 20-22, 1990.

16



Appendix A

FORTRAN LISTING OF FUDROP PROGRAM
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PROGRAM FUDROP
C THIS PROGRAM CALCULATES THE OPENING DYNAMICS OF A PAPACHUTE
C USING FU'S THEORY

C THIS PORTION OF THE PROGRAM INCLIUDES GEOMTRIC PARACHUTE INPUTS
C AMD INITIAL DEPLOTNEN CONDITIONS

CF-20. 6
czy-0. I
CDl-0. 5
31-0. 755
CD2-1. 315
CDL-0. 64
DS-1. 37

DO-28 .22
DC-28.45

FS-6 62.
G-32-19
XK-2.
XK1-0 .49
XLS-28 .22
XN-=28.
RV0. .82
WLin280.

UTw29 6.
VS-185
ZL-1000.
30-0.04

P-3.1416
TH0-0 .8727

RW-0.-

3110-0.00231

XOHOO0.

PRZNT*,'THE DEFAULT INPUTS FOR THIS PROGRAM ARE AS FOLLOWS'
PRINT*,'PARACHUTE DIAIETER IS' ,Do,'FT'
PpIMM''CONSTRUCTED DIA OF PARACHUTE IS' ,DC,' FT'
Pgfl6T*,'NO. OF SUSPENSION LINES IS',XK
PRINT*,'SUSPENSION LINE LENGTH XS',XLS,'FT'
PRINT*, 'APERTURE RADIUS IS' ,RV, 'FT'
PRiT*,'EFFECTIV POROSITY IS',CEF

PRIHT*, ' SPRING CONSTANT Of A SUSPENSION LINE I' Cr L/T
PRXNT*, 'DAIIN4G COEF. OF A SUSP. LINE IS' ,DS, 'L3-SEC/FT'
PRINT*,'FIRST PHASE PARR. DRAG COEFF IS',CD1
PRINT*, 'SECOND PHASE PARA. DRAG COEFF IS', CD2
PRIN5T, 'TOTAL CANOPY & PAYLOAD NEIGHT IS' ,UT, 'LB5'
P3niy*, 'APP. MASS PROPORTIONALITY CONSTANT IS' ,7J

19



PRINT*, 'FIRST PHRUE CONTRACTION FACTOR IS', 2K1

PRINT*, 'INITIAL BE!41-APERTURE ANGLE XI',BO, RADS'

PRINT*, 'PAYLOAD MEIGHT IS' ,IL, 'LBS'

PRINT*,'PAYLOAD RADIUS XS',RP,'FT'

PRNT*, 'PAYLOAD DRAG COED? IS',CDL

PRflg',' PARACHUT SNATCH CONDITIONS ARE AS FOLLOWS:'

P~iT,sATcH VELOCITY IS',,'frT/SEC'

PRMNT,'INITIAL FLIGHT PATH ANGLE THETA IS',THO,'RADS'

PRMl*,'X COORD OF PAYLOAD AT SNATCH IS' ,XL,'FrT'

PRXNT*,'ALTITJDE OF PAYLOAD AT SNATCH IS',ZL,'FT'

PRInT*,'OPENING SHOCK OF PAYLOAD AT SNATCH IS' ,FS,'LBS'

PRIT*,'RZL. VEL. BETWEEN CANOPY AND LOAD IS',RW,'FPS'

PRINT*, 'INITIAL 1iNG. ROTATION RATE IS' ,XOl4O, 'RAD/SEC'

C INITIAL VALUES oF VARIABLES FOR FIRST FILLING PHASE

DT-.002.

DTPRm. 01

TPRmDTPR

VLT-VS

'101=0.

TH-THO

XOK=XOKO

2cLO- (FS/ (20'cF*COS (80))) +XS
.Oin( (FS/ (XNCF*COS (BO) )) +11.) 'TAN (DO)

VO- ((P/3)'RO*3.) (4.-(2+SIN(O)) )(1. -SIN (SO)) )*2.)

R-RO

H-0.

vVO

XZC..WL/G

XOEC=(WT-WL) /G

CcDl

CBO-COS (BO)

830-SIN (80)

TB0-TAN (DO)

CTU0-1 ./TBO

500 DPRw (P'R**2.) *(4.- (2. +SRO) '(1.-SB0) **2.) +(P*H'C]30'*3.)

C (2. *R-H'TBO)

DPH- (P*CH4O**3.) * (R-H'*TDO) "*2.

'1Dm(Xgl'P'CHO"*2.) *(VLT-RW) *(R-H*TDO)*"2.

R3- ( (RN/CEO) *DPH+JDj) /(CTDO'DPH+DPR)
3Dm (VD'CTEO-RN'DPR/ CEO) /(CTBO'DPH+DPR)
)aJ)D-RDCTBO-ED

THD-XOM

DvVLT-RW
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TD-Vy*Z(4 (XOM**2. ) *RpH*CBO- (X*CB0/ID) * (CV* (RCN

C -2I.8) +DS*RN/cBO) +G*SIN (TH) - (. 5*CL*RO*rT/IGp) *SQRT
C VLT**2.+ (VOti+XOII*RCH*CBO) **2 .) *P*RP**2.

FJMIcTDV*XCi+ C((X*RO*DV*VD) / (XOC+]K*RNO*V) ) - C(X3N*

C CBo* (Cc* (RCN-XLS) +DS*RN/CBO) +201C*G*SXN (TN) -. S*C*RH0
C *DV*SQRT (DV**2. +VCN**2.) *P*R**2 .) / (XOWc+*RNO*V))

C -DV*XOK- (X*RO*VCI*VD) / (XDC+XK*RNO*V) + (X5*G*OS(
C TN) -. 5*C*.O*VTCq*SQRT (DV**2 .+VCN**2.) *P*R**2.)/ I Coc
C +X*RNO*V)
XCND- (-VCuD- (VLT+RW) * 4.G*COB (TII) -(0. 5*CL*RNO/XOa,)

C * (VCN+XO*RCN*cBO) *SQRT CVLT**2.+ (VOI+XCK*RCU*CBO) **

C 2.) *P*RP**2.) / (CaO*RCHR)
XL-R*CTBO-H
2UaD-InP*CTBO-HD
rmXU*CBO* (CVr* (fl1 -XLS) +DS*,a1 D)

600 ZF(T-TPR) 610,630,630
610 CONTINUE
620 Go TO 660
630 PRIn*,''

PINT'o,'TIM RATE Or CRANGE 0F VOLUME IS',VD,'CVS/S'
PRInT*,I Tim RATE 0r CHANGE 0r RADIUS IS', RD,'VrT/S'

PRINT*, I'TIE RATE or cHaNG or n is,, xD, 'FT/B'
PRInT*, 'PAYLOAD TANGENTIAL ACC. IS' ,VLTD,' IrP8/S

PRINT*,'IACCL OF CANOPY URT PLW IS ,R1ID,'YpS/S'

PRniT*, 'CANOPY NORM ACC. IS' ,VCND, '115/S'

PRniT *,' RISER rORCE ACTING ON PAYLOAD IS',,,'Las'

PRZnT*, 1

PRniT*,' Thz (sECS) ',' vOL(CurT) ', 'RADIUS (PT)'
C I ZGT(FT),' LECNGT (FT)'

PRIT*,T,V,RH,XL

PRniT*,' THETA(OG),' VLT(PS)', RNCIPS)',
C ' VCN (115) ',' OMEGA (RAD/SEC)'I

TH=57 .296*TH
PRINT*, TH,VLT, RN, VCN, XCI
PRINT*,' I

TH'.TH/57 .296

650 TPRWTPR+DTPR

660 TEST-i+ (P/2 . +0) *R
IF (TEST.G.(DC/2.)) Go To 900

VkBV+VD*DT
StNR+MD'DT
NminHD*DT

XUPXI+UI*DT

T~nTH+TND*DT
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VLT-VLT+VLTD*DT
RW=RN+R1ID*DT
VCNaeVCN+VCND*DT

XOK-XOM+XOMD*DT

TRD-XOK

T-T+DT

IF(T.GE.0.3) GO TO 1000

GO TO 500

900 PRINT*,'3ND OF FIRST FILLING PHASE'
1000 CONTINUE

C THIS PORTION OF THE PROGRAM CALCULATES THE PARACHUTE

C BEHAVIOR DURING THE SECOND FILLING PHASE
PRINT* , ,0

PRflT*, 'PARACHUTE DYNAMICS DURING SECOND FILLING PHASE'

DT= .001

DTPR=0 .05

TPR7-T+DTPR

CD=CD2

3=30

C PROGRAM REENTERED HERE EACH TIME WITH NEW VALUE OF BETA

1500 OB=COS(B)

SB=SIN(B)

TB=TAN (B)

CTB-4./T8

GE=0.5*P+B

GEO-0. 5*DC- (.5*P43) *R

GEOM=R*CTB-GEO

A1=cB* (CTB+GE)

A2(P*R**2.)*(4.-(2.+SB)*(l.-SB)**2.)+( (P*C**3.)/3.)*((-GE)*(0.75
" *R**2.+(1.5*R-TB*GEO)**2.)+GEO*(1.5*R+2.

" *(1.5*R-TB*GRO)*(1.5+TB*GE)))

B1l- (R*CB*CTB**2 . +8* (R*CTH-GRO))

B2=P* (R*CB) **3 .+ ((2.*P*CH**3.) /3.)*GRO* (1. 5*R-TB*GEO) *(R*TB-

+ (GEO/OB**2.) )-((P*CB**3.)/3.)*(R+3.*TB*GEO)*(0.75*R**2.+

+ (1.5*R.-TB*GEO)**2.)

8=GZO

Ir(H.GT.0.*DO) XK2-1.0

IFr(H.LE.0.1*DO) XK2=0.1+9.*H/DO

IF(H.LE. .03*DO) GO TO 2000

lr(B.GT.9O) GO TO 1540

C THIS PORTION OF PROGRAM ITERATES ON VALUE OF RN

C NEEDED FOR TRANSITION FROM PHASE I TO PHASE 11

1530 PRINT*,'ITERATION SEQUENCE FOR RN BETWEEN PHASES I AND II'
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PRIT', 'PiNAL PEASE I RN EQUALS', RW,' 115'

CONTINUE

+ SQRT(.-(RV/R)**2.)))
PM (RII'B2-2l*VD) /(Al'32-B1*A2)
RD (A1'VD-RIU'A2) /(A1'32-Bl1A2)
X1(ASS(5-BO).GE..00002) GO TO 1560

T!EPDRD* (0. - 'P+B+CTS) -R*DCTB*'2.

IF(ABS(XaD-TflULD) .LE. .001) GO TO 1550

RW-R-D'XLSB

GO TO 1540
1550 CONTINUE

PRINT*,'INITIAL PHASE II RM EQUALS' ,RU,'IPS'
ZCW0TZIWD

C END 0F ITERATION ROUTINE FOR 3N BETWEEN PHASES I AND II

1560 TED-XOK
VLTD-VCN'XOI+ (GEOM) 'CB*XOK"*2. - C(ENCB) PXlL) * (Cr(GECK-XLS)

+ + (DS*RW/CB) +DS' (GEOM)*'D'TB) +G'SIN (TH) -( (CDL*RBO'VLT)/I(2. *XQL))
+ *(SQRT (VLT**2 . +(VCN+XON'GEOl('CB)*"2.)) 'P*RP**2.
DV-VLT-3M

R1UD-VLTD-VCN'XOI+ (X*RHO*DV*VD) / (2OC+XUK'BO*V) -(C(XN'CB) *(Cc?

+ (GEOK-rLS) +DS*RN/CEB+DS'GEOK'BD*TE) +XlCG*SIN (TN) -0. 5CD*HO
+ *DV'(SQRT (DV*2 .+VC*'2.) ) 'P'R*2.)/I(XOC+XK*RHO'V)

VOUD--D'J'XOK- (XK*3NOVCN*VD) / (Xt4C+XK*3NO*V) + (Xt4C*G'COS (TN)
" -0. 5*CO'PJW*VOC' (SQRT (DV'*2 . +vcN2.) ) *P***2.) / (XOC+XK'3EO*V)

XO~M (-VCND- (VLT+Rlq) *X0N4G'COS (TN) - (0. 5'COL'3NO/XolL) * (VOI+XOUl
+ *GEON'CB) * (SQRT (VLT*2. .+ (VOH.XOK'GEOM'cB) **2.) ) *P'RtP"2.)/
" CB'GEOII)
V-XN'CB' (Ci' (R*CTB-N-XLS) +DS* (RD' (0. 5*P+34.CTB) -R'DDCTB"*2.))

1600 IF(T-TPR) 1610,1630,1630
1610 CONTINE
1620 GO TO 1660
1630 PRINT,' I'

PRINT,' !13(SECS) ',' BETA(DEG) ',' VOL (CUFT)',
" RADius(I'T)', 'FORCE(LBS)'

B-57 .296'3
PRINT',T,B,V,R,r

8-8/57.296

PRINT',' THETA(DG)',' VLT(FPS)',' RWCPS)',
+ ' VCN(FPS) ' OHEQACRAD/SEC)'

TH-57 .296'TH

PRINT', TH,VLT, RN, VCl. OK
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PRINT*, 1

1650 TPR-TPR+DTPR

TH-TH/57 .296

1660 VV+VD*DT

R-R+RD*DT

B-B+BD*DT

TN-TH+TBD*DT

VLT-VLT+VLTD*DT

RN-RN+RWD*DT

VCN=VCN+VCND*DT

XOK=XOM+XOID*DT

T-T+DT

IF(2'.GE.5.) GO TO 2500

GO TO 1500

2000 PRINWZ*,IEND OF SECOND FILLING PHASE'

C THIS PORTION OF THE PROGRAM CALCULATES PARACHUTE BEHAVIOR

C DURING THE TRANSITION PHASE

PRINT*,''

PRINT*, 'BEGINNING OF TRANSITION PHASE'

PRINT*,-

DT= .001

DTPR=0 .1

TPR-T+DTPR

RST-R

HST=H

ESTB8

VST-V

PRINT*,'STEADY STATE CANOPY VOLUME EQUALSr,VST,'CU FT'

PRINT*,'STEADY STATE CANOPY RADIUS ZQUALS',RST,'FT'

PRINT*,'HST EQUALS',HST,'FT. AND BETAST EQUALS',BST,'RADS'

PRINT*r'

CONS=RST*COS (EST) -HST*SIN (EST)

SB-SIN (B)

CB=COS (B)

TB=-TAN (B)

CTB= . /TB

XCL-CONS/SB

C THIS PORTION OF PROGRAM CALCULATES A NEW VALUE OF RW

C NEEDED FOR FORCE CONTINUITY BEcTwEEN PHASE zi AND

C TRANSITION PHASE

PRINT*,'FINAL PHASE 11 RW EQUALS' ,RN,'rpSr

m-r/ (2GN*DS*CB**2 . -CFr* (1aM-XLS) / (DS*CB)

PRINT*,'INITIAL VALLUE FOR RN FOR TRANS. PHASE EQ',RW,'FPS'

1700 SB-SIN (B)

CB-COS (B)

TB-TAN (B)

24



CT3'u1. /Tsl
XLr2OUSISs
Xw-Rw0Fcs
=Dm-pJ*SB/XL

TRDXCK
V(*XONWX+XL*C*X=g**2 . -XN*Clr*C3* (fl-flS) /Xoiz- (DIf*DS*

* u,*cs**2.) /20uA0*Sfl4(T) - (CDL*RNO*VLT*SQR! (VT**2 . +(VCN+

+ XO*,*c)**2.)*P*R**2.) /(2.*01L)
UInmVLTD-VCN*XOK- (XO*CB*Cr* (XL-XLS) +X*S* CB . +XOIC*
*G*SIN (TH) -0 .5*CD*pjj* (VLT-RW) *SQRT C (VLT-RN) **2. +VCN**2.)
**R*S!**2.) / (XW+X*RIO*VST)

VOID-- (VLT-RWN) *ZOII+ (XO4C*G*COS (TN) -0 . 5*CO*BNO*VOI*SQRT(
+ (YLT-aw) **2 . +vc**2.) *P*PRST**2.) / (,O+]U*RRO*VST)

XONID- (-VCND- (VLT+RW) *XOKQ*CO (TH) - (0. 5*CDL*DNO* (VCN+XOt4*
* l*C3) *SQRT (VLT**2 .+ (VcN+XoI*XL*CB) **2.) *P*P**2. ) /20L)

VWXM*CB* (C0* (XL-flJ) +DS*XLD)
1800 XVCT-TPR) 1810,1830,1830

1810 COuTInUE
1820 GO To 1860
1830 PRINT*,' I

PRZN*,'TIN(SZCS)',' DETA(DEG)' 'I FORC(LS)',
+ ' VLT(PS)',' LZNGTH(FT)'

8=57.296*3

PRZnT*,T,3,r,vLT,xUI
BO3/57.296

PRINT*,'THETA(DG)',' RN (FPS)' ,c~p)

+ ' CMEGA(RD/83C)'

THin57 .296*TR
PRINT*, TH, RN,VCN, XCI
PRInT*,I

1850 TP5-TPR+DTPR

TH-TH/57 .296
1860 B-B+BD*DT

VLT-VLT+VLTD*DT

TiNTH+TID*DT
RUVRNW+RuID*DT
VCNWVOI+VCND*DT
XCKXON+XOSI*DT

Tin!+DT
IV(T.GU.G.0) GO TO 2500

Ml TO 1700
2500 CONTINUE

STOP
D
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Appendix B

EXAMPLE FLYDROP PROGRAM OUTPUT
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THE DEFAULT INPUTS FOR THIS PROGRAM ARE AS FOLLOWS

PARACHUTE DIAMZTER IS 28.2200FT

CONSTRUCTED DII oF PARACHUTE IS 28.45001T
NO. OF SUSPENSION LIKES IS 28.0000

SUSPENSION LINE LUIGTH IS 28.22007T

APERTURE RADIUS IS 0.B20000FT

EFFECTIVE POROSITY IS l.00000E-01

SPRING CONSTANT Or A SUSPENSION LINE IS 20.600013/FT

DAMPING COZY. OF A SUSP. LINE IS 1.37000L53-SZC/FT

FIRST PHASE PAR&. DRAG COEFF IS 0.500000

SECOND PHASE PARA. DRAG COZY? IS 1.31500

TOTAL CANOPY & PAYLOAD WRIGHT IS 296.OOOLBS

APP. MASS PROPORTIONALITY CONSTANT IS 2.00000
FIRST PHASE CONTRACTION FACTOR IS 0.490000

INITIAL SENI-APERTURE ANGLE IS 4.OOOOOE-O2RADS

PAYLOAD MRIGHT IS 280.OOOLS

PAYLOAD RADIUS IS 0.755000FT

PAYLOAD DRAG COZY? IS 0.640000

PARACHUTE SNATCH CONDITIONS ARE As FOLLOWS:

SNATCH VELOCITY IS 185.0OOOT/SEC

INITIAL FLIGHT PATH ANGLE THETA IS O.872700RADS

x COORD OF PAYLOAD AT SNATCH IS 0. FT

ALTITUDE oF PAYLOAD AT SNATCH Is l000.oooFT
OPENING SHOCK OF PAYLOAD AT SNATCH IS 662.OOOLBS
REL. VEL. DETWEEN CANOPY AMD LOAD IS 0.FPS

INITIAL ANG. ROTATION RATE IS 0.RAD/SZC

TIMM RATE OF CHANGE OF VOLUNZ IS 399.008C15/S
TINK RATE OF CHANGE OF RADIUS IS 3.09262FT/S

TINE RATE OF CHANGE OF H IS SO.9260FT/S
PAYLOAD TANGENTIAL ACC. IS -39.24861PS/S
ACCEL OF CANOPY WRT PLO IS -194.357FPS/S
CANOPY NORMAL ACC. IS 18.39407PS/S

*RISER FORCE ACTING ON PAYLOAD IS 510.826133

TIME (SECS) VOL (CUFT) RADIJS (FT) HEIGHT (FT) LENGTH (FT)
1.OOOOOZ-02 7.56761 1.20761 0.825014 29.3492

THETA (DIG) VLT (FPS) RX(FPS) VCm (FPS) OMEGA (RAD/SEC)
50.0023 184.523 -3.64878 0.192856 4.67598E-04

TIMS RATE Of CHANGE OF VOLUME IS 399.S3SCFS/S
TIME RATE Of CHANGEC OF RADIUS IS 2.91037FT/S
TINE RATE OF CHANGE OF H IS 77.5262FT/S

PAYLOAD TANGENTIAL ACC. IS -31.2931FPS/S
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ACCUL OF CANOPY UT PLW IS -42.1879715/S
CANOPY NORMAL A.CC. 1S 16.8182715/S

RISER rORCE ACTING ON PAYLOAD IS 441.804LBS

TIME (SUCS) VOL (CUFT) RhDIUS (VT) HEIGHT (VT) LEGTH (VT)
2.000003-02 11.5629 1.23768 1.61925 29.3062

THETA (DEG) VLT (715) RN (718) VCN (715) OMEGA (RaD/SEC)
50.0028 184.171 -4.80202 0.369653 1.43896Z-03

TIME RATE 07 CHANGE 0r VOLUME IS 397.765CrS/S

TIM RATE 0F CHANGE 0F RADIUS IS 2.76587rT/s

TIME RATE 07 CHANGE Or H IS 74.0037FT/S
PAYLOAD TANGENTIAL ACC. IS -27.6413715/S

ACCEL 07 CANOPY URT PLW IS 21.7000715/S

CANOPY NORMAL ACC. Is 15.3081715/S

RISER FPORCE ACTING ON PAYLOAD IS 410.197LBS

TIME (SECS) VOL (CUFT) RADIUS (VT) HEIGHT (VT) LENGTH (VT)
3.000003-02 15.5514 1.26611 2.37862 29.2572

THETA (DEG) VLT (718) Rw(7P5) VON (FPS) OKEGACRAD/SEC)
50.0040 183.877 -4.88980 0.530984 2.86631Z-03

TIME RATE 07 CRANGE 0r VOLUME IS 394.902CPS/S
TIME RATE 07 CHANGE OF RADIUS IS 2.63271VT/S

TIME RALTE 07 CHANGE 07 H IS 70.2807FT/S

PAYLOAD TANGENTIAL ACC. IS -25.9111P15/S
ACCEL 07 CANOPY VRT 1WD IS 47.6458715/S

CANOPY NORMAL ACC. IS 13.7209718/S

RISER, FORCE ACTING ON PAYLOAD IS 395.317LBS

TIME (5308S) VOL (CUFT) RADIUS (VT) HEIGHT (VT) LENGTH (VT)
4.100003-02 19.9129 1.29585 3.17383 29.2051

THETA (DEG) VLT (718) all(713) VCN (71S) ONZGA (RAD/SEC)
50.0064 183.583 -4.49456 0.691370 4.90619Z-03

TIK9 RATE 0r CHANGE 07 VOLUME IS 392.139075/S

TIX1 RATE 07 CHANGE Or RADIUS IS 2.527277T/S
TIME RATE OF CRANGE 0F H IS 67.13377T/S
PAYLOAD TANGENTIAL ACC. IS -25.3192r15/S

ACCEL 07 CANOPY URT 1WD IS 53.6420715/S

CANOPY NORMAL ACC. IS 12.3388715/S

RISECR FORCE ACTING ON PAYLOAD IS 390 .331LBS
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TIME (SECS) VOL (CUlT) RADIUS (VT) HEIGHT (VrT) LENGTH (rT)
5.100002-02 23.8495 1.32169 3.86228 29.1623

THETA(DEG) VLT(VPS) RW(FPS) VCH (118) ONEQACRAD/SEC)
50.0097 183.327 -3.98250 0.822314 7.139792-03

TIME RATE 0r CHANGE Or VOLUME IS 389.489CVS/S
TIME RATE Or CRINGE Or RADIUS IS 2.43277FT/S
TIME RATE Or CHANGE Or H 1S 64.237lrT/S
PAYLOAD TANGENTIAL ACC. IS -25.1769118/S
A CCZL Or CANOPY lURT 1WD IS 52.4640115/S
CANOPY NORMAL ACC. IS 11.0085r15/S
RISER VORCE ACTING ON PAYLOAD IS 389.269LBS

TINE (SECS) VOL (CUlT) RADIUS (VT) HEIGHT (IT) LENGTH (VT)
6.100003-02 27.7588 1.34653 4.52037 29.1249

TIETA(DEG) VLT(FPS) RW(rPS) VCR (115s) OIEGA (RID/SIC)
50.0145 183.075 -3.44765 0.939675 9.69320Z-03

TINE RITE Or CHANGE Or VOLUME IS 387.047C15/S
TINE RATE OF CRINGE 0r RADIUS IS 2.34695rT/S
TINE RATE 0r CHANGE 01 H IS 61.58511T/S
PAYLOAD TANGENTIAL ACC. IS -25.2596r15/S
ACCEL 0r CANOPY WRT 1WD IS 48.2936115/S
CANOPY NORMAL ACC. IS 9.72485r1S/S
RISER FORCE ACTING ON PAYLOAD IS 390.181LBS

TINE (SECS) VOL (CUlT) RADIUS (VT) EIGHT (7?T) LENGTH (rT)
7.100003-02 31.6425 1.37046 5.15061 29.0927

THETA (DUG) 'JLT (118) RN (118) VCN (11S) OMEGA (RID/SIC)
50.0207 182.823 -2.94032 1.04395 1.25305Z-02

TIME RATE 0r CHANGE 0r VOLUME is 384.837C1'S/S
TINE RATE Or CHANGE Or RADIUS IS 2.26833FT/S
TIME RATE 01 CHANGE 0r H IS 59.16OSFT/S
PAYLOAD TANGENTIAL ACC. IS -25.4541118/S
ACCEL OF CANOPY NRT 1WM IS 43.0858r15/S
CANOPY NORMAL ICC. IS 8.48I771PS/S
RISERt FORCE ACTING ON PAYLOAD IS 392.082L85

TIME (SECS) VOL (CUlT) RADIUS (IT) HEIGHT (VT) LENGTH (VT)
8.100001-02 35.5028 1.39357 5.75537 29.0654

THETA(DEG) VLT (11S) RK(FPS) VCN (118) OMGA(RAD/SEC)
50.0287 182.570 -2.48043 1.13558 1.56191Z-02
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ThIU RATE OF CHANGE OF VOLUME IS 383.043CFS/S
TIME RATE OF CHANGE OF RADIUS IS 2.20285FT/S

TIMZ RATE Or CHANGE OF H IS 57.1556FT/S

PAYLOAD TANGENTIAL ACC. IS -25. 6750rFPS/S
ACCEL OF CANOPY WRT PLD IS 38.2766rPS/S
rNOPY NORMAL ACC. IS 7.40056FPS/S

RISER FORCE ACTING ON PAYLOAD IS 394.208LBS

TIME (SECS) VOL(CUFT) RADIUS (FT) HEIGHT(FT) LENGTH(FT)

9. 00000-02 38.9591 1.41372 6.27968 29.0446

THETA (DEG) VLT (IPS) RN(FPS) VCN (FPS) OMEGA(RAD/SEC)

50.0374 182.340 -2.11197 1.20758 1.85896Z-02

TIME RATE OF CHANGE OF VOLUME IS 381.249CFS/S

TIME RATE OF CHANGE OF RADIUS IS 2.13520FT/S

TIME RATE Or CHANGE Or A IS 55.1055rT/S

PAYLOAD TANGENTIAL ACC. IS -25.9419FPS/S

ACCEL OF CANOPY URT PLD IS 33.1880FPS/S

CANOPY NORMAL ACC. IS 6.23221FPS/S

RISER FORCE ACTING ON PAYLOAD IS 396.776LBS

TIME (SECS) VOL (CUlT) RADIUS (FT) HEIGHT (FT) LENGTH (FT)
1.000003-01 42.7813 1.43544 6.84186 29.0251

THETA (DEG) VLT(VPS) RW(FPS) VCN (FPS) OMEGA (RAD/SEC)

50.0490 182.082 -1.75242 1.27629 2.20776Z-02

TIME RATE OF CHANGE OF VOLUME IS 379.642CFS/S

TIME RATE OF CHANGE OF RADIUS IS 2.07231FT/S

TIME RATE OF CHANGE OF R IS 53.2231FT/S

PAYLOAD TANGENTIAL ACC. IS -26.2143FPS/S

ACCEL OF CANOPY WRT PLD IS 28.5380FPS/S

CANOPY NORMAL ACC. IS 5.09906FPS/S

RISER FORCE ACTING ON PAYLOAD IS 399.410LBS

TIME (SECS) VOL (CUFT) RADIUS (FT) HEIGHT (FT) LENGTH (FT)

0.110000 46.5864 1.45651 7.38432 29.0090

THETA(DEG) VLT (FpS) RW(FPS) VCl (FS) OMEGA(RAD/SEC)

50.0625 181.821 -1.44187 1.33349 2.573923-02

TIME RATE OF CHANGE OF VOLUME IS 378.201CFS/S

TIME RATE OF CHANGE OF RADIUS IS 2.01362FT/S
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TIM4 RATE O CHANGE OF H IS 51.4902VT/S

PAYLOAD TANGENTIAL ACC. IS -26.48157PS/S

ACCEL OF CANOPY URT PLD IS 24.38937PS/S

CANOPY NORMAL ACC. IS 3.99957PS/S

RISER FORCR ACTING ON PAYLOAD 1S 402.019LBS

TIM (SECS) VOL (CURT) RADIUS (VT) HZIGHT (VT) LNTN (VT)

0.120000 50.3762 1.47696 7.90863 28.9958
THEZTA(DZG) VLT (rPS) 3K(FPS) vCl (11S) OUEZGA(RAD/SZC)

50.0783 181.558 -1.17557 1.37950 2.955223-02

TIM RATE o CHANGE o VOLUME IS 376.902CrS/S
TIME RATE O CHANGE o RADIUS IS 1.95871FT/S

TIME RATE O CHANGE O H IS 49.8908FT/S
PAYLOAD TANGENTIAL ACC. IS -26.7384PS/S
ACCEL O CANOPY WRT PLD IS 20.7359FPS/S

CANOPY NORMAL ACC. IS 2.93252FPS/S
RISR VORCE ACTING ON PAYLOAD IS 404.557LBS

TIME (SECS) VOL (CUlT) RADIUS (VT) HEIGHT (FT) LENGTH (FT)
0.130000 54.1522 1.49685 8.41623 28.9851

THETA(DEG) VLT (rPS) RW (FPS) VCN (rPS) OMUGA(RAD/SZC)
50.0962 181.292 -0.948496 1.41467 3.34964X-02

TIME RATE o CHANGE o7 VOLUME IS 375.725CrS/S

TIME RATE Or CHANGE o RADIUS IS 1.90717FT/S
TIME RATE O CHANGE o H IS 48.4103FT/S

PAYLOAD TANGENTIAL ACC. IS -26.98117PS/S
ACCEL O CANOPY WRT PLD IS 17.5555PS/S

CANOPY NORMAL ACC. iS 1.896957p1/S
RISER rORCE ACTING ON PAYLOAD IS 406.991LBS

TIME (SECS) VOL (CUlT) RADIUS(FT) HEIGHT(VT) LENGTH (VT)
0.140000 57.9159 1.51620 8.90839 28.9765

THETA(DEG) VLT(VPS) RW (FPS) VCN (uPS) OMEGA(RAD/SEC)
50.1164 181.023 -0.755820 1.43931 3.75531Z-02

TIME RATE O CHANGE OF VOLUME IS 374.653C7S/S

TIE RATE Or CHANGE or RADIUS IS 1.85870rT/S
TIME RATE O CHANGE O H IS 47.0362FT/S

PAYLOAD TANGENTIAL ACC. IS -27.2088PS/S
ACCEL OF CANOPY WRT PLD IS 14.7971FPS/S
CANOPY NORMAL ACC. IS 0.892078FPS/S
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RISER FORCE ACTING ON PAYLOAD IS 409.312LBS

TIME (SECS) VOL (CUFT) RADIUS (FT) HEIGHT (FT) LENGTH (FT)
0.150000 61.6682 1.53505 9.38622 28.9697

THETA(DIG) VLT (FPS) RW(FPS) VCR (FPS) OMEGA(RAD/SIC)

50.1390 180.752 -0.593041 1.45373 4.17051-02

TIME RATE OF CHANGE OF VOLUME IS 373.669CFS/S

TIME RATE OF CHANGE OF RADIUS IS 1.81300FT/S

TIME RATE OF CHANGE OF H IS 45.7572FT/S

PAYLOAD TANGENTIAL ACC. IS -27.4205FPS/S

ACCEL OF CANOPY WRT PLD IS 12.4195FPS/S

CANOPY NORMAL ACC. IS -8.27179E-02FPS/S

RISER FORCE ACTING ON PAYLOAD IS 411.510LBS

TIME (SECS) VOL (CUFT) RADIUS (FT) HEIGHT (FT) LENGTH (FT)
0.160000 65.4102 1.55343 9.85075 28.9644

THETA(DEG) VLT(FPS) RW(FPS) VCN (FPS) OMEGA(RAD/SEC)

50.1640 180.479 -0.456084 1.45824 4.59368E-02

TIME RATE OF CHANGE OF VOLUME IS 372.760CFS/S
TIME RATE OF CHANGE OF RADIUS IS 1.76983FT/S

TIME RATE OF CHANGE OF H IS 44.5637FT/S

PAYLOAD TANGENTIAL ACC. IS -27.6166rPS/S

ACCEL OF CANOPY WRT PLD IS I0.37396FPS/S
CANOPY NORMAL ACC. IS -1.02798FPS/S
RISER FORCE ACTING ON PAYLOAD IS 413.589LBS

TIME (SICS) VOL(CUFT) RADIUS (FT) HEIGHT (FT) LENGTH(FT)
0.170000 69.1428 1.57137 10.30289 28.9603

THETA(DEG) VLT (FPS) RW(FPS) VCN (VPS) OWEGA(RAD/SEC)

50.1914 180.204 -0.341355 1.45314 5.02336Z-02

TIME RATL .F CHANGE OF VOLUME IS 371.914CFS/S

TIME RATE OF CHANGE OF RADIUS IS 1.72896FT/S

TIME RATE OF CHANGE OF H IS 43.4470FT/S

PAYLOAD TANGENTIAL ACC. IS -27.7969FPS/S

ACCZL OF CANOPY WRT PLD IS 8.62326FPS/S
CANOPY NORMAL ACC. IS -1.94417FPS/S

RISER FORCE ACTING ON PAYLOAD IS 415.545LBS

TIME (SECS) VOL (CUFT) RADIUS (rT) HEIGHT (FT) LENGTH (FT)
0.180000 72.8665 1.58888 20.7434 28.9574
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THETA (DIG) YLT Cr28) RN (FIB) VCH (FIB) OHEGA (RAD/SEC)

50.2213 179.927 -0.245714 1.43871 5.458201-02

TIME RATE OF CHANGE OF VOLUME IS 371.122Cr5/S

TIME RATE OF CHANGE OF RADIUS IS 1.69022FT/S

TIME RATE OF CHANGE OF H IS 42.3995rT/S

PAYLOAD TANGENTIAL ACC. IS -27.9618128/S

ACCEL Or CANOPY URT 2WD IS 7.13040128/S

CANOPY NORMAL ACC. IS -2.8316972S8

RISER FORCE ACTING ON PAYLOAD IS 417.3S1LBS

TIME (SECS) VOL(CUTT) RADIUS(rT) HEIGHT(FT) LENGTH(rT)

0.190000 76.5821 1.60599 11.1731 28.9553

THETA (DIG) VLT Cr28) RN (728) VCN (FIB) OHEGA.(RAD/SEC)

50.2537 179.648 -0.166398 1.41525 5.896981-02

TIME RATE OF CHANGE OF VOLUME IS 370.373CF5/S

TIME RATE OF CHANGE OF RADIUS IS 1.65342rT/S

TIME RATE Or CHANGE Or H IS 41.4146FT/S

PAYLOAD TANGENTIAL ACC. IS -28.1125r28/S

ACCEL OF CANOPY WRT PWD IS 5.85687r25/S

CANOPY NORMAL ACC. IS -3.69090728/S

RISER FORCE ACTING ON PAYLOAD IS 419.1O6LBS

TINE (SECS) VOL (CUlT) RADIUS (rT) HEIGHT (IT) LENGTH (IT)

0.200000 80.2899 1.62273 11.5927 28.9539

THETA (DEG) VLT (725) RN(725) VON (728) OSUZGA(RAD/SEC)
50.2887 179.368 -1.O1000E-01 1.38305 6.33854Z-02

END oF FIRST FILLING PHASE

PARACHUTE DYNAMICS DURING SECOND FILLING PHASE

ITERATION SEQUENCE FOR RN BETwEEN PHASES I AND iI
FINAL PHASE I RN EQUALS -9.51428E-02725
INITIAL PHASE 11 RN EQUALS -0.129291728

TINE (5105) BETA (DIG) VOL (CUrT) RADIUS (FT) FORCE (1.9)
0.251000 2.38648 86.9940 1.68810 486.851

TEETA (DIG) VLT (IPS) RN (F25) VC (128) oUGA(RAD/sEC)
50.5067 177.710 0.890433 1.08485 8.61435Z-02

TINE (SECS) BETA (DIG) VOL (CUrT) RADIUS (FT) FORCE (I.S)
0.302000 2.50958 95.7100 1.77206 550.802
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THETA(DIG) VLT(Fps) RN(FPS) VCN(FPS) ObMGAL(RAD/SEC)
50.7894 175.723 1.55725 0.624452 0.107459

T3U (SECS) BETA (DIG) VOL (CUFT) RADIUS (VT) FORCE (LBS)
0.351999 2.66439 107.260 1.87782 629.700

THETA (DZG) VLT (VPS) RW(FPS) VcN (FPS) OKEGA(R)D/SIC)
51.1238 173.383 2.15085 6.96175Z-02 0.125828

TINE (SECS) IBETA(DIG) VOL (CUFT) RADIUS (VT) FORCE (LES)
0.401998 2.86154 122.839 2.01220 729.786

THETA(DIG) VLT(FPS) PRW(FPS) VCN(FPS) ONEGA(RAD/SEC)
51.5060 170.548 2.80460 -0.524261 0.140606

TINE (SICS) BITA(DZG) VOL(CUFT) RRDIUS (VT) FORCE (LBS)
0.451998 3.11067 143.852 2.18129 855.361

THETA(DEG) VLT(FPS) RW(VPS) VCE(FPS) Oa.UGA(RADI SIC)
51.9244 167.084 3.55711 -1.09000 0.150909

TINE (SECS) BETA (DIG) VOL (CUlT) RADIUS (rT) FORCE (LBS)
0.501997 3.42306 172.196 2.39203 1009.81

THETA(DIG) VLT(FPS) RN(FPS) VCN(FPS) ONEGA(RAD/SIC)
52.3655 162.835 4.40571 -1.56644 0.156301

TIbM(SECS) BETA(DEG) VOL(CUFT) RADIUS(FT) FORCZ(LBS)

0.551996 3.81237 210.422 2.65241 1194.91
THETA (DIG) VLT (Fl'S) RN (Fl'S) VCN (Fl'S) ObMGA (RAD/SEC)

52.8153 157.629 5.31289 -1.91017 0.157011

TIM (SICS) BETA(DEG) VOL(CUFT) RADXUS(rT) FORCZ(LBS)
0.601996 4.29595 261.971 2.97193 1409.94

THETA (DZG) VLT (Fl'S) RN(FPS) VCN (Fl'S) ONZGA (RAD/SEC)
53.2616 151.293 6.20537 -2.10428 0.153996

Th3U(SECS) BETA(DEG) VOL (CUlT) RADIUS (VT) rORcE (LES)
0.651995 4.89744 331.512 3.36247 1650.95

THTA(DEG) VLT (Fl'S) R (Fl'S) vcE (F'S) OtEG&(RAD/SEC)
53.6957 143.667 6.97251 -2.15939 0.148757
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ThU (SECS) BETA (DIG) VOL (CUlrT) RADIUS (FT) FORCE (LBS)

0.701995 5.65181 425.468 3.84009 1910.76

TBETA(DEG) VLT (FF5) R1I(FPS) VCN (FF8) CIEEGA(RAD/SEC)

54.1137 134.622 7.47378 -2.10603 0.142974

TmZ (SICS) BETA (DIG) VOL (CT3FT) RADZUS (F!) FORCE (LBS)

0.751994 6.61641 552.986 4.42906 2180.92.

TETA (DIG) VLT (ITS) RN (IFS) Vcl (FF8) ONZGA (RID/SIC)

54.5161 124.076 7.55701 -1.98182 0.138108

ThU (SICS) BETA (DIG) VOL (CUFT) RADIUS (VT) FORCE (LES)

0.801993 7.89872 728.038 5.17214 2458.30

THETA (DIG) VLT (IFS) RN (FF5) VCl (FF5) OZGA (RID/SIC)

54.9071 111.987 7.08338 -1.81905 0.135155

TIlE (SICS) BETA (DIG) VOL (CUFT) RADIUS (VT) FORCE (LBS)

0.851993 9.75002 975.311 6.16577 2770.45

THETA (DIG) VLT (FF8) Ru (FpS) VCl (FF8) OW.GA.(RID/SIC)

55.2928 98.2653 5.93602 -1.63515 0.134553

TIME(SZCS) BETA(DZG) VOL(CUFT) RADIUS(rT) roRcz(LBs)

0.901992 12.2019 1262.00 7.35082 2826.11

THETA (DIG) VLT (ITS) RNl(FPS) Vcl (FF8) CbEGA (RID/SIC)
55.6820 83.0413 0.275904 -1.51679 0.139136

END oF SECOND FILLING PHASE

BEGINNING OF TRANSITION PHASE

STEADY STATE CANOPY VOLUME EQUALS 1292 .47CU FT

STEADY STATE CANOPY RADIUS EQUALS 7.48724FT

HST EQUALS 0.829277FT. AND ZETAST EQUALS 0.218339RADS

FIn PHASE II RN EQUALS -1.552 67FF5

INITIAL VALUE FOR RN FOR TRANS. PHASE EQ 3.33678FFS

TIDE (SECS) BETA (DIG) FORCE (LBS) VLT (FF8) LENGTH (F?)

1.01099 13.0902 976.350 55.4796 31.4806
THETA (DIG) Rl (rFS) Vol (IFS) OlSEGA (RD/SIC)

56.6914 -23.5077 -2.10969 0.190587
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TIME (SICS) B5Th (DIG) FORCE (LBS) VLT (FPS) LENGTH (VT)
1.11000 14.0052 122.299 48.9713 .29.4611

THETA (DIG) RN (FPS) VCl (FPS) OMEGA (RD/SEC)
57.9422 -15.8475 -2.82439 0.250439

ThU (SICS) BETA (DIG) FORCE (LBS) VLT (FES) LENGTH (VT)
1.21000 14.4675 42.6589 47.8726 28.5388

THETA (DIG) RN (FE'S) VCl (FPS) OGh (RD/SIC)
59.5186 -3.76408 -3.52420 0.296657

TIME(SICS) BETA(DZG) FORcE(LBS) VLT(FPS) LINGTR(FT)
1.31001 14.4890 217.216 46.0274 28.4974

THETA(DIG) RW(FPS) VCN(rPS) ONUGA(RD/SZC)
61.3012 1.73288 -4.12543 0.323326

TIME (SECS) BETA (DIG) FrORCE (LBS) VLT (FE'S) LENGTH (VT)
1.41001 14.3900 321.982 42.8341 28.6893

THETA (DIG) RU (FE'S) VCN (FE'S) OMEGA (RD/SIC)
63.2045 1.66064 -4.64702 0.340446

TIM (SECS) DEZTA(DEG) FORCE(LBS) VLT(FPS) LINGTH(FT)
1.51001 14.3461 314.612 39.6048 28.7752

THETA(DZG) Rw(Fps) VCN(FPS) OMEGA(RD/SEC)
65.1974 0.121788 -5.12113 0.355167

TIME(SZCS) BETA(DEG) FrORCE(LBS) VLT(FPS) LINGTH(FT)
1.61002 14.3632 268.510 37.1501 28.7417

THETA(DIG) Rw(VPS) VCN(FPS) ONEGK(RD/SIC)
67.2703 -0.638844 -5.55814 0.368046

TIME(SECS) BZTA(DIG) FoRCE(LaS) VLT(FPS) LZNGTH(FT)
1.71002 14.3948 237.452 35.4439 28.6800

THETA (DIG) RN (FE'S) VCN (FE'S) OMEGA (RD/SIC)
69.4071 -0.543065 -5.95372 0.377165

ThU (SEC8) BETA (DIG) FORCE (LBS) VLT (FES) LENGTH (VT)
1.81003 14.4137 228.468 34.1564 28.6432

THETA (DIG) R (FE'S) VcLq(FE'S) OUGh (RD/SIC)
71.5823 -0.220812 -6.30131 0.381293
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TINE (SECS) BETA COEG) FrORCE (LUS) VLT (UPS) LENGTH (VT)
1.91003 14.4195 228.304 33.0598 28.6317

TRTA(DG) RW(VPS) VCx(VPS) OSWA(RD/SEC)
73.7668 -4.755311-02 -6.59731 0.380441

TDI (SECS) BETA (DEG) VrORCE (LBS) VLT (UPS) LENGTH(VT)
A2.01004 14.4212 226.931 32.0906 28.6286

THETA (PEG) all(UPS) vcN (UPS) 0GA (RD/SEC)
75.9335 -3.62383z-02 -6.84028 0.375116

TInE(sEs) BETA (0KG) FORCE (LBS) VLT (UPS) LENGTH (F!)
2.11003 14.4239 222.614 31.2553 28.6233

THETA (DEG) RN (UPS) Vcl (UPS) ONEGA (RO/SEC)
78.0580 -7.37384Z-02 -7.02922 0.365730

BREAUK IN PRINYODT HIERE TO SAVE SPACE

TINE (SECS) BETA (0KG) VORtCE(LBS) VLT (UPS) LENGTH( (T)
2.91097 14.4518 193.173 27.8949 28.5692

THETA(DEG) RN(rPS) VOI(VPS) ONG(RD/SEC)
91.1987 -5.224383-02 -6.55442 0.181046

TINE (SICS) BETA (DIG) VORCE (LBS) VLT (UPS) LENGTH (VT)
3.01096 14.4543 190.705 27.7164 28.5644

THETA (DIG) RN (UPS) Vcl (UPS) CNEGA (P./SIC)
92.1497 -4.64431Z-02 -6.26577 0.150566

TINE(SECS) BETA(DEG) VORCE (LUS) VLT (UPS) LENGTH (12)
3.11096 14.4564 188.582 27.5726 28.5602

THETA (DIG) PM (UPS) VCN (UPS) ONEGA(RD/SEC)
92.9256 -4.02695E-02 -5.93584 0.119985

ThU (SICS) BETA (0KG) rORCE (LBS) VLT (VPS) LENGTH (VT)
3.21095 14.4583 186.808 27.4599 28.5566

THETA(DEG) RW(VPS) vOI(VPS) ONEGA(RD/SEC)
93.5271 -3.38517Z-02 -5.56892 8.975522-02
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TD (SECS) BETh(DEG) FORCE (LBS) VLT (UPS) LENGTH (VT)
3.31094 14.4598 185.387 27.3752 28.5537

THETA (DUG) EN (UPS) VCN (UPS) OMEGi (ID/SEC)
93.9573 -2.72760Z-02 -5.16971 6.030793-02

TIM (SZCS) BETA(DEG) FORCE(LBS) VLT(FPS) LENGTH(FT)
3.41094 14.4610 184.320 27.3150 28.5513

TIETA(DIG) ENCYPS) VCN (FPS) OKEG(RD/SZC)
94.2220 -2.07229Z-02 -4.74327 3.204652-02

TD (SECS) BETA (DEG) FORCE (LBS) VLT (UPS) LENGTH (UT)
3.51093 14.4619 183.587 27.2762 28.5496

THZTA (DIG) EN (UPS) VOC (UPS) ONEGA (RD/SZC)
94.3291 -1.44942Z-02 -4.29498 5.343392-03

TI3U(SECS) BETA(DEG) FORCE(LBS) VLT(FPS) LENGTH(FT)
3.61092 14.4625 183.153 27.2552 28.5485

TH3TA(DZG) EN(FPS) VON(7rps) ONZGA(RD/SZC)
94.2884 -8.89619z-03 -3.83049 -1.94656Z-02

ThU (sECS) BETA (DEG) rORCE (IRS) VLT (UPS) LENGTH (FT)
3.71091 14.4628 182.989 27.2486 28.5479

THETA(DZG) RN(rPS) VCN(Fps) ONZGA(RD/S3C)
94.1116 -4.01141Z-03 -3.35568 -4.20845Z-02

ThU (SECS) BETA (DEG) FORCE (LBS) VLT (UPS) LENGTH (VT)
3.81091 14.4629 183.026 27.2532 28-5477

THETA (DUG) EN (UPS) VCl (UPS) OHZGA (RD/SIC)
93.8120 -8.209183-05 -2.87656 -6.226113-02

TIME (SECS) BETA (DUG) IFORCEM(BS) VLT (UPS) LENGTH (VT)
3.91090 14.4628 183.219 27.2657 28.5479

TITA(DIG) RN(3PS) vcOps) COAGI(RD/SZC)
93.4043 2.92303Z-03 -2.39922 -7.978953-02

TIDE (SICS) BETA (DUG) FORCE (LBS) VL! (UPS) LEUNH(VT)
4.01089 14.4627 183.474 27.2831 28.5482
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THETA (DUG) RU (FF8) Vcl (UPS) OSUG(RD/S3C)
92.9040 4.92302Z-03 -1.92973 -9.45134Z-02

TDU (SECS) BETA (DIG) roRCE (LS) VLT (UPS) LENGT (FT)
4.11088 14.4623 183.860 27.3025 28.5488

THETA (DIG) RU (UPS) VCl (UPS) OGA (RD/SEC)
92.3277 5.84737Z-03 -1.47400 -0.106327

TINE(SECS) BZTA (DUG) FORCE (LBS) VLT (UPS) LENGTH (VT)
4.21088 14.4620 184.205 27.3214 28.5495

THETA (DZG) RU CUPS) VO (PS) OSEGA(RDISEC)
91.6919 5.223273-03 -1.03772 -0.115176

TINE(S3CS) BETA (DUG) FORCE (LBS) VLT (UPS) LENGTH (FT)
4.31087 14.4618 184.417 27.3387 28.5499

THETA (DUG) RU (UPS) VCN (UPS) OMEGA(RD/SEC)
91.0139 5.14782Z-03 -0.626208 -0.121060

TINE(SECS) BETA(DEG) FORCE (LBS) VLT (UPS) LENGTH (VT)
4.41086 14.4616 184.654 27.3526 28.5503

THETA(DEG) RU(FPS) VCUPS) CNUGI(RD/S3C)
90.3105 4.81418Z-03 -0.244295 -0.124025

TINE (SECS) BETA (DZG) FORCE (LBS) VLT (UPS) LENGTH (UT)
4.51086 14.4614 184.813 27.3620 28.5506

THETA (DEG) RU (rPS) VCl (UPS) ONIGA (RD/SZC)
89.5982 4.09617Z-03 1.03768Z-01 -0.124171

TINE (SZCS) BETA (DEG) FORCE (LES) VLT (UPS) LENGTH (VT)
4.61085 14.4612 184-918 27.3660 28.5510

THETA (DUG) RU (UPS) Vcl (UPS) CAUGA(RD/SIC)
88.8926 1.88966Z-03 0.414419 -0.121641

TDU (SEC8) BETA (DZG) FORCE (LSS) VLT (IFS) LENGTH (rT)
4.71084 14.4612 184.835 27.3649 28.5510

THETA(D3G) RU (FF5) VlcRIPS) ONUGI(RD/SIC)
88.2088 -7.62786Z-04 0.684843 -0.116623
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TIM (SICS) BITA(DZ3) FORCE (LBS) VLT (LPS) LZNGTH (UT)
4.81083 14.4613 184.645 27.3594 28.5508

THETA (DIG) RU (UPS) VCH (UPS) OMEZ"(RD/SIC)
87.5602 -2.82502Z-03 0.913006 -0.109339

TIM (SICS) BITA (DIG) FrORCE (LBS) VLT (UPS) LENGTH (VT)
4.91083 14.4615 184.424 27.3504 28.5504

THETA (DIG) RU (UPS) VCN (UPS) *MGIA (RD / SC)
86.9592 -3.85151Z-03 1.09768 -1.00042Z-01

TIME(SICS) BZTA(DKG) FORCE(LBS) VLT(FPPS) LKNGTH(FT)
5.01082 14.4617 184.164 27.3382 28.5501

THETA (DIG) RiU(VPS) VCN (UPS) OMGA(RD/SIC)
86.4165 -5.315951-03 1.23846 -8.90130Z-02

TnM (SZCS) BETA (DIG) FORCZ(LBS) VLT(FPS) LENGTH(MT)
5.11081 14.4620 183.792 27.3246 28.5494

THETA (DIG) R (UrPS) VCN (UPS) OMEGA (RD/SIC)
85.9412 -5.45431Z-03 1.33571 -7.654861-02

TIME(SICS) BITA(DZG) FORCZ(LBS) VLT(FPPS) LENGTH(FT)
5.21080 14.4623 183.539 27.3102 28.5489

THETA(DZG) RU(Fps) VCN(Fps) OMEGA(RD/SEC)
85.5407 -5.11840E-03 1.39052 -6.295911-02

TnM (SZCS) BITA(DZG) rORCE(LBS) VLT(FPS) LINGTH(FT)
5.31080 14.4626 183.222 27.2959 28.5484

THETA(DIG) RN OVps) VCN (FPS) ONZGAL(RD/SZC)
85.2205 -5.007151-03 1.40468 -4.85611Z-02

TIM (SZCS) BETA (DIG) FrORCE (LDSS) VLT (UPS) LENGTH (UT)
5.41079 14.4628 182.973 27.2826 28.5479

THETA (DIG) RU (UPS) VCN (FPS) OMEGA (RD/SIC)
84.9844 -5.01031Z-03 1.38058 -3.367041-02

Tnu (SzCS) BITA(D3G) FORCE (I.S) VLT (UPS) LENGTH (UT)
5.51078 14.4630 182.775 27.2709 28.5476

THETA (DUG) RU (UPS) VC (UPS) OMGA (RD/SIC)
84.8342 -5.08950Z-03 1.32112 -1.85966z-02
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TflU (SICS) 31TA (DZG) VO~cE (LaS) VLT (718) LENGTH (IrT)
5.61078 14.4632 182.611 27.2619 28.5472

THETA (DIG) RN (718) Vcl (718) CNA (RD/SIC)
84.7702 -4.51721Z-03 1.22970 -3.637871-03

?I= (SICS) DITA (DIG) rORCI (LBS) VLT (718) LENGTH (rT)
5.71077 14.4633 182.489 27.2561 28.5469

TTA(DIG) RW (FPS) VOI(Fps) 0GA(RD/SZC)
84.7909 -2.807381-03 1.11005 1.092373-02

TIM (SECS) DETA (DIG) FORCI (LBS) VLT (718) LENGTH (VrT)
5.81076 14.4634 182.502 27.2535 28.5468

TTA(DZG) RN(VPS) vOI(Vps) ONR"(RD/SZC)
84.8933 -3.17685Z-04 0.966224 2.482612-02

TIN (SECS) fhTA (DIG) FrORCI (LUS) VLT (718) LNGTH (VT)
5.91075 14.4634 182.561 27.2533 28.5468

THETA (DIG) RN (ITS) vcl (ITS) OUGA (RD/SIC)
85.0729 1.33544Z-03 0.802478 3.78316W.-02
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